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I
Project Overview

The goal of this project was to develop a plan to obtain information to
guide and prioritize the development and improvement of test methods
related to volatile organic compound emissions from coating applications
and related operations. The tasks undertaken to meet the project goal
involved: (i) the development of a plan for obtaining the current regulations
and test methods from all relevant agencies; (i} a methodology for for
identifying and ranking test method problems; (iii) a list of test method
problems ranked in order of priority; (iv) a procedure for updating the test
method problems, and (v) a procedure for identifying projects to resolve test
method problems.

Task 1 of this project involved documenting the existing regulatory
requirements for coating operations and the attendant test methods currently
in place to carry out those requirements. The documentation was obtained
through library and computer database searches, and by direct mailing to all
federal, state, and local agencies responsible for issuing regulations. The
information was organized according to type of coating and coating operation.
Twenty three categories were identified. All regulations applicable to each
category were listed, along with the required test methods. Copies of all of the
test methods were obtained from the agencies responsible for issuing them
(i.e. ASTM, EPA, CARB, SCAQMD, BAAQMD, etc.). A database was
developed to aid in the analysis of data. Details are given in Section II

Task 2 was to develop a methodology for analysing the documentation
regarding regulations and test methods and identify any problems which exist
in the test methods, particularly any problems which may require the

development of improved test methods. At the time of our original direct
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mailings to federal, state, and local regulatory agencies, testing organizations,
etc. we surveyed them to identify problems they were aware of with the
current testing methods, and to propose any ideas they had for resolving
those problems. We also asked them to identify organizations (public or
private laboratories, universities, etc.) who have performed each test method
for them in recent years. We then contacted these organizations and asked
them which tests they have performed, any problems they have encountered
with the tests, and any ideas they have to improve the test methods. A list of
potential problems was drawn up using the expertise of the principal
investigators and the information from outside scientists who are actively
involved in developing tests and performing them in actual enforcement
and quality control situations. A great deal of importance was given to the
real world experience of the scientists who are using these tests, so that
problems which were not apparent from simply reading the regulations and
test methods could be identified. Details are given in Sections IIT and IV.

After the list of potential problems was drawn up, the principal
investigators and ARB representatives met (by telephone conference) with a
committee of district representatives selected by the ARB in order to refine
the list of the test method problems in order of importance and urgency
(Task 3). The ideas of the members of the committee of district
representatives have been incorporated into the final report. Such factors as
the total amount of emissions covered by the regulations and test methods,
and the cost of the test methods were important considerations in developing
the list of test method problems. Details are given in Section IV.

The results and experience gained in Tasks 1-3 were then used to
develop a plan that could be used in the future by ARB for updating the test
method problems identified in this report (Task 4). The plan incorporates
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many of the elements discussed in Tasks 1-3 above. Where necessary, we
have suggested modifications based on our experience in gathering and
organizing the the data. A formula is also developed so that the ranking of
test methods can be made semi- quantitative. Details of the plan for updating
test methods are given in Section VI, and the application of the ranking
formula to the list of problems identified in Section V is given in Section VIL

Section VIII describes the proposed procedure for identifying projects to
resolve test method problems (Task V).

This final report has been prepared describing the information
gathered and the recommendations developed during the course of this
project. All of the information gathered has been organized as described

above in an appendix to the final report.
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I
Survey of Existing Regulations
1. Survey Development

The initial work undertaken for this project(Task 1) involved the
development and implementation of a plan for documenting the existing
regulatory requirements for coatings and coating operations, and the test
methods which are currently in place to carry out those requirements.

The purpose of Task 1 was to establish a methodology to document the
existing regulatory requirement for VOC (volatile organic compounds)
emissions from coatings and coating operations and the test methods which
are currently proposed to carry out those requirements. The documentation
specifically addresses emissions from coatings and coating operations. The
incorporated data have been obtained through extensive surveys and person
to person contact reports. It has been a goal of the initial phase of this study to
utilize the data obtained from these surveys to increase our understanding of
statewide VOC emissions and emissions regulations related to coatings and
coating operations.

The first step in this process was a comprehensive survey of all
regulations relating to coatings and coating operations which are currently on
the books or under consideration by the air pollution control districts
(APCDs) and air quality management districts(AQMDs) of the state of
California. We began by obtaining copies of the complete Rules and
Regulations for the two largest AQMDs, South Coast and Bay Area, as well as
for two local districts, Sacramento and Yolo-Solano. For the other 30 APCDs
and AQMDs in California we used copies of the district Rules and
Regulations on file at the Air Resources Board. Complete copies were made

of all district rules and regulations relating to coatings and coating operations.
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From this initial survey we identified more than 100 rules and
regulations distributed among 16 districts. In order to organize the rules we
assigned each rule to one of 23 categories (Table 1). The categories correspond
to the way in which the district rules and regulations are written (i.e. each
category generally represents one rule, although a few categories include

more than one rule).

Table 1: CLASSIFICATION OF COATING CATEGORIES

Category No. Type of Coating
1 Architectural
2 Metal Parts and Products
3 Motor Vehicle and Mobile Equipment
4 Graphic Arts
5 Can and Coil
6 Aerospace Parts and Products
7 Wood Products
8 Polyester Resin Operations
9 Paper, Film, and Fabric
10 Marine Vessel
11 , Adhesives and Sealants
12 Ink and Adhesive Manufacturing
13 Solvent Cleaning Operations
14 Metal Coating Thinner and Reducer
15 Semiconductor Manufacturing Operations
16 Aerosol
17 Resin Manufacturing
18 Plastics, Rubber, and Glass
19 Magnetic Wire
20 Organic Solvents
21 Appliance and Metal Furniture
22 Wood Furniture Manufacturing
23 Miscellaneous

2. Follow-up Survey
After we had compiled the initial list of rules and regulations for all of

the APCDs and AQMDs in California, we prepared a survey letter to send to
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all of the districts in the state. The letter, Survey Al (Appendix A), consisted
of a cover letter which described the project and its goals, and requested the
cooperation and assistance of district personnel. Accompanying the letter was
a questionnaire which listed all district rules and regulations regarding
coatings and coating operations that had previously been identified. The
focus of this questionnaire was to list any new or proposed rules of which we
were not aware. The contacts that were made with district personnel for this
survey are listed in Table Al.
3. Data Collection and Survey Response

The compilation of data resulting from responses to written and verbal
surveys of federal, state and local government agencies, as well as private
organizations, has been facilitated by the use of FileMaker Pro 2.2. FileMaker
Pro 2.2 is a database software program capable of handling large amounts of
data, enabling the user to create documents, sort data according to specific
search terms, and retrieve single as well as multiple files relating to particular
subjects. In organizing the data, this study has created a basic layout of the
gathered information, which was later manipulated to produce reports
specific to certain categories and districts. Table A2 shows a representative
sample of such a basic layout. In this layout, vital information concerning the
category number in question is listed along with the testing methods cited by
the district for regulation of the coating operation. The rule numbers listed in
Table A2 illustrate those testing methods currently being utilized by the
districts in question. Status refers to the current status of the regulations,
where existing regulations are currently in force, and proposed regulations
are still under consideration by the district. As a result of our library search of
district regulations, and our survey of the individual districts, it was obvious

to us that there were three classes of districts in the state with regard to rules
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regulating coatings and coating operations. First, there were the districts
representing the major urban areas, with 6 or more regulations each, then
there were the intermediate districts covering the smaller urban areas of the
state, which have a few regulations covering particular local industries, and
which may be adding new regulations as their areas grow, and finally there
were the districts representing the rural areas of California, which currently

have no regulations covering coatings or coating operations (Figure 1).

e Two districts combined account for 38% of all the regulations of
coating operations within the state (South Coast and Bay Area)

e Six districts combined account for nearly 47% of the remaining
regulations of coating operations within the state (Sacramento, San
Diego, San Joaquin Valley Unified, Santa Barbara, Yolo-Solano, and
Ventura)

¢ Architectural coatings(12%), Metal Parts and Products(9%) and
Motor Vehicle and Mobile Equipment(9%) represent the most
frequently regulated sources of VOC emissions within the state of
California (from coatings and coating operations).

We received responses to our survey of district rules from most of the
districts (23 of 34, 68%), including all of the districts which we had identified
as having existing rules and regulations concerning coatings and coating
operations. After completion of the survey we identified 16 districts which
had a total of 116 rules currently in place to deal with VOC emissions from
coatings and coating operations. It can be seen from Table 2 that the South
Coast and Bay Area AQMDs currently account for 38% of all rules dealing
with coatings and coating operations, and that six additional districts account
for nearly all the remaining rules. This is not really a surprising result, since

these eight districts represent nearly all of the major urban areas in the state.

Page 7



We were also able to use the responses to our survey to update our list of
contact persons at the districts.
4. Results and Data Analysis of Survey Effort

Information regarding regulations and test methods relating to coating
operations has been organized according to each type of coating and coating
operation. Those processes associated with the manufacture and use of
coating, printing, and adhesive materials, and solvent cleaning agents, or
equipment related to those activities and materials have been further
subdivided according to relevant characteristics. Table 1 identifies these
characteristics and associates a category number for each grouping of related
characteristics.

Table 1 represents a classification scheme for the coating operations
existing within the state of California. This classification of coating categories
identifies a unique category number with a particular grouping of coating
types. The identification scheme is divided into 23 separate coating category
numbers. These category numbers define particular sources of VOC
emissions from generic coatings and coating operations. The order in which
the coating categories are listed in Table 1 is arbitrary and the category
numbers function only to provide a systematic means of labeling the coating
categories. In examining this classification scheme, it must be noted that this
study has utilized category 23 to represent the various coatings and coating
operations that are not represented in categories 1-22. These miscellaneous
coatings and coating operations include, but are not limited to consumer
products, surfactant manufacturing and organic materials emissions.

The establishment of coating category numbers further enables the
study to identify the districts within the state of California that are currently

regulating VOC emissions. Table 2 identifies the number of categories

Page 8



associated with a particular district as well as the number of regulations
pertaining to coating operations that exist within the district. The number of
regulations does not always match the number of categories. In certain
instances the number of regulations exceeds the number of categories—this is
a result of the manner in which this study has defined the types of

coatings/ coating operations. Districts not listed in Table 2 have no existing

regulations in the categories outlined in Table 1.

Table 2: DISTRICTS WITH EXISTING REGULATIONS

District Categoriesf Rules
Bay Area 21 22
Butte 1 1
El Dorado 3 3
Imperial 2 2
Kemn 4 4
Monterey Bay Unified 2 2
North Coast Unified 1 1
Placer 2 2
Sacramento 6 6
San Diego 10 10
San Joaquin Valley Unified 11 11
San Luis Obispo 3 3
Santa Barbara 8 8
South Coast 19 23
Yolo-Solano 8 8
Ventura 11 11
Total No. of Districts 16
Sum of Rules Statewide 117

Table 3 summarizes how different coatings and coating operations are
regulated in each district. It identifies all the districts within the state of
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California involved in regulating coating operations, as well as which
categories are currently regulated by each of the districts. This summary also
lists the categories existing within each district, identifying those districts

having multiple regulations set aside for specific coating operations.

Figure 1 is an intensity index of district involvement in coating
regulations within the state of California. Figure 1 identifies those districts
most heavily represented in regulating coating operations by assigning a color
scheme to identify the number of district regulations related to coating
operations. A geographical index of how coating categories are distributed
throughout the state of California is provided in Appendix A (Figures Al-
Ad).

The geographical index cites the particular district as being responsible
for regulating the said coatings and coating operations (by category number).
The Sacramento APCD, for example, cites the following coating categories (1,
2,5, 6, and 13) (see Table 3) as the ones currently being regulated within the
district. However, certain categories for which industries exist have not been
cited. The most obvious of these omissions are the microcomputer
companies, which include Apple, NEC, Hewlett Packard, and Packard Bell.
Since the computer industry is involved in processes relating to
semiconductor manufacturing, it is surprising that category 15 (which
involves semiconductor manufacturing operations) is not included on the
list. Its omission indicates a potential discrepancy in the manner in which
districts regulate coating operations.

Table 2, in conjunction with Figure 1 identifies two districts with more
than 12 coating categories cited within their districts. These figures are
significant because they clearly identify the two districts most heavily

involved in coating operations—Bay Area and South Coast AQMD. In
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Figure 1: Geographic Intensity Index of District
Involvement in Coating Categories
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establishing future programs involving VOC emissions, districts such as the
Bay Area and South Coast are particularly important because these districts
contain a representative sample of all the coating categories existing within
other districts. Figure 2 summarizes the degree to which districts within the
state of California are involved in coating regulations. The particular coating
categories regulated by the districts represent the degree of involvement.
Taking Kern county as an example, the coating categories that are regulated
include 1, 2, 3, and 4. In comparison, South Coast AQMD is a region with
many more types of regulated coating categories (e.g. 1,2, 3,4,5,6,7,8, 9,10,
11, 12, 13, 15, 16, 17, 18, 19, and 23). The involvement of districts in regulating
coating operations identifies regions of probable VOC emissions, with those
districts maintaining a higher degree of involvement being potentially
responsible for larger amounts of VOC emissions.

Figure 3 summarizes the extent to which individual coating categories,
as seen in Table 1, are regulated by the state of California. The significance of
cataloguing the relative incidence of coating categories is to identify those
coating categories which represent a significant percentage of coating
operations on a statewide basis. For example, architectural coatings are cited a
total of 15 times by the districts as being a potential source of VOC requiring
regulation within their districts. In comparison, resin manufacturing is cited
only two times by the districts as being a source of VOC emissions. One
could argue that the increased incidence of architectural coating regulations
over resin manufacturing regulations indicates that architectural coatings are
more prevalent than resin manufacturing within the state of California as
sources of VOC’s. The degree to which individual coating categories affect

the state of California is important, for it allows for the identification of those
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coating categories comprising the majority of VOC emissions from coating
operations. Figure 3 in no way accounts for the VOC emissions from
particular coating categories, but merely seeks to identify those categories
which are potentially significant as sources of VOC emissions.

For the purposes of this study, we made the decision to focus our efforts
primarily on the eight major urban districts (South Coast, Bay Area, San
Joaquin Valley, Ventura, San Diego, Santa Barbara, Yolo-Solano, and
Sacramento ). These districts represent virtually all of the existing rules
dealing with coatings and coating operations in the state of California, and
therefore they must also be the areas for which most of the test methods for
VOC emissions from coatings and coating operations are required.

In the course of obtaining our complete list of all district rules and
regulations concerning coatings and coating operations, we compiled an
inventory of all test methods relating to VOC emissions which are cited in
the various district rules. They are listed in Table 4 according to the specific
rule in which they are cited (i.e. each district rule concerning coatings and
coating operations is listed along with all test methods relating to VOC
emissions cited in that rule). Organizing the test methods in this manner was
done in order to ensure that we had a complete list of all test methods cited in
all of the district rules.

In order to study the test methods and begin to formulate a list of
problems with the current test methods, it was more useful to organize them
according to the government or private agency responsible for developing or
certifying the method (Table 5). In Table 5 we have grouped the test methods
relating to VOC emissions from coatings and coating operations according to
the federal, state, or private agency responsible for that method: the United

States Environmental Protection Agency (EPA), the California Air Resources
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Board (ARB), the American Society for Testing and Materials (ASTM), and
the South Coast and Bay Area Air Quality Management Districts SCAQMD,
BAAQMD).

Table 5: ITEMIZED VOC TESTING METHODS

EPA Methods: 18, 24, 24A, 25, 25A, 258, 25D, 40
CFR 52.741, 40 CFR 60.713, 55 FR
26865

ARB Methods: 100, 422, 432

ASTM Methods: D-1613-81 (or -85), D-1639-83, D-
3792-79 (or -86), D-1078-86, D-2879-
83 (or -86), D-3960-87, 2306-81, D-
2369-87, D-4457-85, E-260-85 (or -
91)

SCAQMD 304, 25.1, 26, 302, 303, 304, 305, 309,
Methods: 310, 311, 312, 316 A

BAAQMD III-9, II1-21, II1-22, IT1-23, 26, -
Methods: 31, II-35, III-36, IV-ST-7

Although the test methods are more manageable organized in this manner, it
is still a rather formidable list, comprising 50 methods from five different
agencies. However, this list is somewhat misleading, since a number of the
methods actually overlap or are equivalent to one another. For example, EPA
Method 24 includes a number of the ASTM methods listed in Table 5.
Therefore, while the list of test methods for VOC emissions from coatings
and coating operations is substantial, it can be further categorized according to

three broad classes of test methods: (1) laboratory test methods, (2) source test
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methods, and capture efficiency test methods, and (3) transfer efficiency test

methods.
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m
Identification of Test Method Problems

1. Survey Test Method Evaluation

In order to get the benefit of the knowledge and experience of the
people involved in actually using and developing test methods, we prepared
a second survey letter to be sent to the federal, state, and local government
agencies and private agencies and testing laboratories involved in performing
and developing test methods for VOC emissions from coatings and coating
operations. The letter, Survey A2, consisted of a cover letter describing the
project goals and a request for assistance in identifying problems with current
test methods for VOC emissions from coatings and coating operations which
we had identified. We asked them to identify any test methods we had
omitted, and to comment on current test methods. We deliberately left the
request for comments on current test methods completely open, in order to
obtain both positive and negative comments regarding existing methods.

This survey on test methods was sent to scientists at government
(federal, state, and local) and private analytical testing laboratories. The
recipients had been identified from the previous survey, and from
discussions with personnel at national (EPA, ASTM, NIST), state (ARB) and
local agencies involved in development and implementation of test methods
for VOC emissions from coatings and coating operations. The list (Table A3)
is composed of individuals involved with test methods for coatings and
coating operations and includes over 100 names, most of which came from
the membership roster for ASTM Subcommittee D01.21 (Chemical analysis of

paint and paint materials, Hiroshi Fujimoto, Chairman).
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Since it was impractical to survey such a large group, we selected 28
individuals on the basis of recommendations from the staff at ARB and EPA,
and from Dr. Fujimoto, the chairman of the ASTM committee. Some of the
individuals surveyed were selected because of articles they had published
relating to the subject of test methods for VOC emissions from paints.
Finally, several names were obtained by calling analytical laboratories
throughout the state and asking if they performed any of the test methods for
coatings and coating operations. However, this method was not very
efficient, since it appears that very few analytical laboratories in California
perform any of the test methods for paints or other coatings.

The response to the test method survey was very good (20 of 28, 71.4%),
with several of the individuals responding with detailed, multi-page letters.
Table 6 identifies those individuals to whom this survey was sent. The
response from Dr. William Golton was particularly valuable, since he has
many years of experience in test methods for VOC emissions from paints, and
he is currently one of the instructors in the ASTM workshops on VOC in
paints.

2. Literature Survey of Test Method Problems

In parallel to the surveys which we conducted of the district rules and
regulations and the test methods related to coatings and coating operations,
we also conducted a thorough computer library and database search. In
addition to obtaining information on all regulations and testing methods
relating to VOC emissions from coating operations, this study was also able to
acquire a listing of names and organizations (universities, public or private
labs) which have been involved in the development or performance of

testing methods for the associated coating categories.
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The library and database search was conducted using the facilities at the
University of California, Davis library, including the Melvyl Library system
(which provides access to the entire resources of all the University of
California libraries), the library CD-ROM network, and the government
documents collections. In addition, the use of on-line database services,
including the Internet and the on-line Chemical Abstracts Service were used.
The Air Resources Board library was also utilized. The database search
included, but was not limited to the databases and systems listed in Table A4.

The databases were subsequently searched using the title-word format.
If no citations were found using this format, then an alternate key-word
format was implemented. In most instances, title-word was determined to be
the most effective method for obtaining article citations, using the prescribed
search strategy format. The search strategy format incorporated specific search
terms into an algorithm, thus enabling a more systematic means of literary
surveying to be conducted. Table A5 identifies the search terms utilized, and
outlines the unique search strategy.

Information obtained from searches conducted through the Internet
were facilitated with the use of web browsers such as Netscape and Mosaic.
The general goal of searching the Internet was to locate information relating
to VOC'’s, coatings, coating operations and methods of testing for VOC'’s in
coatings and coating operations, that might not be readily found in standard
databases. The search strategy incorporated initial search terms (e.g.
environment, EPA, government regulations) followed by terms (e.g. coatings,
coating operations, VOC , methods of testing for VOC’s) more specific in
content to the subject matter being sought. This search strategy enabled us to

systematically narrow the specific search terms resulting in a refined method
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of searching the Internet. Searching the Internet was facilitated by “search
engines” such as Infoseek, Lycos, and Alta Vista. Table A6 is a listing of
Internet addresses that were searched for specific information relating to
VOC's, coatings, coating operations and methods of testing for VOC'’s in
coatings and coating operations.

Documents and articles obtained through the library and computer
database search resulted in more than 150 articles relating to the emissions of
VOC’s, development of testing methods for VOC coatings, analysis of organic
coatings, and EPA regulations. Cross referencing of articles was expected and
documented, indicating that searches were overlapping on the various
databases as well as over various search terms. This overlapping verified the
effectiveness of the search strategy. The effectiveness of this algorithm has
also been verified by a search conducted through the CAS (Chemical Abstracts
Service), which covers worldwide literature from all areas of chemistry,
biochemistry and chemical engineering—including subject areas involving
organic, inorganic, physical and analytical chemistry. The CAS incorporated
over 9000 journals, patents from 25 countries, conference proceeding reviews,

technical reports, books and dissertations, with files dating back to 1967.
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1\
Analysis of Test Method Problems
1. Introduction

The test methods for determining VOC emissions from coatings and
coating operations can be divided into several general categories. The first
category, exemplified by EPA Reference Method 24, consists of laboratory
analytical methods which have been developed by government agencies and
private organizations such as ASTM to determine the physical and chemical
characteristic of paints, inks, varnishes, and other industrial and commercial
coating products. While the overall purpose of these test methods is to
determine the VOC content of the coating, most of the methods actually test
for other properties such as water content, coating density, total volatile
content, volume nonvolatile matter, etc. and the VOC content is calculated
indirectly from these other measurements.

The second category of test methods, exemplified by EPA Reference
Methods 25 & 25A, includes source test methods designed to measure VOC
emissions from commercial coating operations such as paint spray booths,
can and coil coating lines, graphic arts printing operations, etc. These
methods do involve the direct measurement of VOC content of the exhaust
air and fugitive emissions from commercial coating operations.

A third category of test methods involves attempts to determine the
transfer efficiency of coating operations, particularly those using spray-coating
techniques. The transfer efficiency is defined as the ratio of the amount of
paint solids deposited onto the surface of the coated part to the amount of
coating solids used. While the concept of transfer efficiency is simple and
easily understood, measuring it even under controlled conditions is

complicated and difficult.
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2. Laboratory Test Methods

The laboratory methods, such as EPA Method 24, have served
extremely well in the applications for which they were developed—
determining the VOC content of traditional solvent-based, high-VOC
coatings. As a result of these methods, and the federal, state, and local
regulations based on them, VOC emissions from paints and other coatings
have been dramatically reduced over the past 25 years (Kirschner, 1994).

However, the success in reducing the VOC content of coatings has
created problems with Method 24 itself, due to the indirect way in which it
calculates VOC content from other measurements. Basically, Method 24

defines VOC content as:

(total volatile content) — (water content) — (exempt solvent content)

VOC Content = -
(1—(water fraction) —(exempt solvent fraction))100%

It is obvious from this equation that as VOC content gets smaller and
water content and exempt solvent content get larger (which is true for many
new coatings), then the calculated VOC concentration becomes extremely
unreliable, primarily due to the subtraction terms in the denominator. It is
even possible to calculate negative values for the VOC concentration of low
solvent-high water content coatings. These problems exist even if the
individual measurements used to calculate VOC content are done with very
high precision. For VOC concentrations below 100 g/L, the experimental
error is often larger than the calculated value (Brezinski, 1993).

It would be possible to avoid some of these problems by calculating
VOC content based upon the mass of VOC per unit volume of coating solids.

However, this requires the measurement of volume percent of nonvolatile
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content of the liquid coating. The ASTM method for measuring this quantity
(Test Method D-2697) is neither approved nor recommended by the EPA, and
current EPA policy requires that volume nonvolatile matter be calculated on
the basis of formulation data from the manufacturer (Brezinski, 1993). There
is currently a new method for determining volume nonvolatile content
being tested, involving the use of a helium pycnometer. The preliminary
results of the testing indicate that the method has the potential for high
precision measurements, and may be a solution to the problem of measuring
volume nonvolatile content of paints and other coatings.

However, even if the helium pycnometer does solve the problem of
measuring volume nonvolatile content, there would still be a problem in
determining VOC content as the difference between total volatile content and
water content (and exempt solvent content). Basically, this is the old problem
of a small difference in large numbers, and it is inherently unstable and
inaccurate.

There are ongoing efforts (Ancona et. al., 1993; Jenkins et. al., 1995,
Golton, 1995; Fairley, 1991; and Ferlauto, 1988) to improve the precision and
accuracy of many of the individual ASTM methods which make up Method
24. However, even if the individual methods used in the VOC calculation all
provide very precise data, the indirect method by which VOC concentrations
are currently calculated does not work for low-VOC, high water-content
coatings.

A round-robin study was conducted by ASTM in 1990 involving 14
Laboratories performing the tests required by EPA Method 24 (and ASTM D
3960) (Brezinski, 1993). Despite an interlaboratory reproducibility of better
than 5% on each test, the interlaboratory reproducibility for the VOC

calculations using the above equation was 54.4% for coatings containing 60-

Page 41



70% water and approximately 100g/L VOC. In comparison, the
interlaboratory reproducibility for a solvent-based coating was 2.9%.

There is also the problem of determining exempt compounds, which
requires separate analyses for each class of exempt compounds which might
be present in a coating. There are already a large number of exempt
compounds (primarily chiorinated and fluorinated hydrocarbons), and the
recent recommendation by the EPA that acetone be classified as an exempt
compound will require an additional analysis specifically for it. In addition,
there is the possible use of ammonia as a solvent in coatings. Under the
current test methods, ammonia would be calculated as a VOC, and therefore
would produce erroneously high VOC values, unless a separate analysis were
performed to measure it.

It would be much better for this category of coatings (low-VOC, high
water-content) to obtain a direct measurement of VOC content rather than
continue to calculate it as the difference between total volatile and water
content (and exempt compounds).

There is also the need for a method to measure hazardous air
pollutants (HAPs) in paints and other coatings. EPA has recently proposed a
new Method 311, “Analysis of HAP compounds in paints and other coatings
by direct injection into a GC.” However, this method appears to have a
number of drawbacks, including the use of a thermal conductivity detector,
which is non-specific and has very poor sensitivity relative to other GC
detectors (i.e. FID, PID, ECD, TID, AED, and MS). Several ASTM sub-
committees are currently investigating the use of GC and GC-MS for the
analysis of VOCs and HAPs in paints and other coatings (Fujimoto, 1995).
SCAQMD uses their method 304 for HAPs and VOC of materials that contain
< 30g/L VOC. It would appear that cooperation and collaboration with the
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ASTM groups currently engaged in this research would be the most effective
approach to developing new test methods for low-VOC, high water-content
coatings.

In addition to recommending cooperation and collaboration with
ASTM, a related issue should be mentioned: the necessity to update the
methods cited in the district regulations and EPA methods. Most of the
ASTM methods cited in district regulations are outdated, sometimes by more
than a decade, while EPA method updates are published haphazardly in the
Federal Register, with current versions and proposed changes also made
available on the EMTIC bulletin board. The continuous revision process
makes it possible for different versions to be available on the EMTIC bulletin
board, current annual CFR books, and in the Federal Register. Some form of
coordination between ASTM, EPA, and perhaps the ARB should be initiated
in order to establish a single, official location (such as the EMTIC bulletin
board) where the latest approved methods would be collected and made
available to everyone, including districts, laboratories, etc. It follows that
district regulations should be written to specify the latest approved version of
a test method, rather than a specific version which may be 15 years out of date
in current regulations.

3. Source Test Methods

The second category includes such methods as EPA Methods 25 & 25A.
These methods are concerned with directly measuring the VOC emissions
from industrial and commercial operations such as automobile assembly
plants, auto body refinishing shops, can and coil coating lines, commercial
printing plants, etc. These methods have two components, the sampling
train and the analytical method. Recent studies of VOC emission
measurement methods, including EPA Methods 25, 25A, and others have
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shown that even under controlled, laboratory conditions the methods exhibit
poor accuracy and precision, particularly with regard to polar organic
compounds such as aldehydes, ketones, and alcohols (Eklund and Nelson,
1995). The results of a series of tests are summarized in Table 7 for each test
method at each test condition. The accuracy of the measurements for all
methods is very poor, with the measured VOC concentration being far too
high at low VOC levels (11-13 ppmv), and too low (often by more than 50%)
at higher VOC levels. The precision of the measurements was better than the
accuracy, indicating that the methods are better suited to measuring changes
in emission levels over time, rather than for measuring the absolute
magnitude of emissions.

These results were obtained using an artificial test apparatus
constructed in the laboratory. The situation in a real commercial or
industrial facility can be expected to be much worse. In fact, the problems of
sampling VOC emissions from an operation such as a can and coil coating
line (containing alderhydes and ketones) can be considerable, especially if the
test apparatus utilized in the laboratory study bears little relation to a real
world situation. This would appear to indicate that the situation with regard
to source test methods for VOC emissions from coating operations is in need
of attention. Both the specific methods and the overall approach to
measuring VOC emissions from coating operations need to be given
- thorough scrutiny. It would appear that new, innovative approaches need to
be developed. At the present time, most air pollution control and air quality
management districts in California use a mass balance approach to calculating

source emissions rather than any of the existing source test methods.
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Tabie 7: SUMMARY OF TEST RESULTS

THC (PRMV).  11-13  172.249 525765 168248
TestMethod RH: 80% 79% 79% 2%
PortableAnalyzers
1.0VAModel 108 NumberofData Points 6 6 6 6
Mean of Set (ppmv) 33.33 14050 37783 13483
Average Accuracy (%) 198 -19 -29 -25
Standard Efrorat95%cC.1. 171 5.38 44,05 457
CV (%) 49 37 11.1 32
2.HNUModel 101A NumberofData Points 6 ] 6 7
Meanof Set (ppmv) 787 3433 6433 2557
Average Accuracy (%) -29 -80 -88 -84
Standard Errorat95%C.I. 0.32 .43 10.34 1.36
CV (%) 39 40 153 5.1
TotalHydrocarbonAnalyzers
3.EPAMethod25A NumberofData Points 24 21 20 28
(Beckman) Mean of Set (ppmv) 2163 10214 30382 10078
Average Accuracy (%) 83 -48 -49 -47
StandardEmrorat95%C.I. 054 2.28 6.45 091
CV (%) 59 49 45 23
4 _EPAMethod25 NumberofData Points 6 5] 8 6
Mean of Set (ppmv) 40.23 5237 106.13 2843
Average Accuracy (%) 266 -76 -84 64
StandardEmorat95%cC.1. 7964 4845 59.11 12.31
CV (%) 188.7 88.2 531 41.3
S.Modified EPAMethod25 NumberofData Points 5 5 6 6
(Byron) Mean of Set (ppmv) 33.00 11460 34450 98.33
Average Accuracy (%) 179 -36 37 45
Standard Errorat85%C.|. 473 9.16 8.82 29.04
CV (%) 115 6.4 24 282
Byron-Directinjection NumberofData Points 5 6 6 6
(EPAMethod 25A) MeanofSet(ppmv) 2960 13083 38667 11167
Average Accuracy (%) 180 =27 33 37
StandardErrorat95%cC.|. 1.42 2.14 5.42 1.7
CV (%) 3.9 16 14 15
AirSample CoilectionMethods
6.Canister/GC-FID NumberofData Points 5 ] 3 N/A
Mean of Set (ppmv) 80.00 28783 447.00 N/A
Average Accuracy (%) 584 23 -36 N/A
Standard Errorat95%<C.|. 336 23999 2852 N/A
CV (%) 3.8 67.1 29 N/A
7.Charcoal Tube/GC-FID NumberofData Points 6 6 6 6
Meanof Set (ppmv) 57.32 20083 44017 19817
Average Accuracy (%) 331 -19 -44 -20
Standard Errorat95%C.l. 2527 3472 29.30 49.16
CV (%) 420 165 6.3 236
8.XAD-2Tube/GC-FID NumberofData Points 6 6 6 6
Meanof Set (ppmv) 59.00 250.50 40050 218.00
Average Accuracy (%) 340 06 -48 -1
Standard Emorat85%C.I. 355 1267 20.35 40.48
CV (%) 57 4.8_ 48 17.7

Source: Eklund and Neison, 1935
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One of the major problems in source test methods has to do with the
EPA capture efficiency protocols, and their requirement for a temporary or
permanent total enclosure around the coating process to be tested. Since
multiple coating processes may exist in a single plant building, and these may
be connected by assembly lines, it is extremely difficult to enclose each process
individually, and using the entire building as an enclosure makes it
impossible to measure the emissions from each process individually. One
possible approach would be the use of integrated samples, which could be
collected at strategic locations throughout the building for subsequent analysis
by either a GC-multiple detector or a GC-MS (Wadden, et. al., 1995a,b). Inert
tracers could be used to differentiate the sources, or compounds specific to
particular processes could be used (i.e. source-receptor modeling) {Davoli, et.
al., 1993). The added cost of the analyses would be more than compensated
for by the elimination of the need for enclosures, which are expensive,
interfere with the efficient operation of the plant, and are potentially
hazardous. The SQAQMD Capture Efficiency Protocol is also an recognized
method used for compliance purposes. They have demonstrated that their
protocol is equivalent to EPA’s total enclosure method.
4. Transfer Efficiency Estimates

Test methods for transfer efficiency have been developed, such as
ASTM D-5066 (Transfer efficiency under production conditions: Automotive
coating process), and ASTM D-5009 (Transfer efficiency: Evaluating and
comparing under laboratory conditions). However, while these methods
showed relatively good intralaboratory repeatability, the agreement between
different laboratories was very poor (Brezinski, 1993). The results are known
to be dependent on the air flow in the paint spray booth, the rate at which the

paint is delivered, and a number of other variables (including the spray gun
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operator). These test methods for transfer efficiency are more useful for
research purposes, for the evaluation and comparison of different techniques
and equipment. They provide only the direction of the effects of different
variables on transfer efficiency, and only under the specific conditions of the
laboratory test. Since there are many different variables affecting transfer
efficiency, the extrapolation of the laboratory test results to commercial
coating lines is not possible.

Obviously, the test methods for transfer efficiency in coating operations
need to receive further study. Although there is a strong economic incentive
for companies performing coating operations to improve transfer efficiency,
the labor costs often outweighs material costs. Thus it may still be necessary
for government agencies to regulate transfer efficiency. Transfer efficiency is
currently not included in the federal regulations regarding VOC emissions
from coating operations, and so none of the test methods for transfer
efficiency are currently used for calculating VOC emissions factors.

5. Test Method Development

When the current laboratory test methods (such as EPA Method 24)
were developed a generation ago, the analytical instrumentation available
was considerably different from today, particularly with regard to gas
chromatography-mass spectrometry (GC-MS). At that time GC-MS was
almost exclusively a research technique, and very few commercial
laboratories utilized it except for specialized analyses such as for dioxin.
There has also been considerable development of other detectors for gas
chromatography, such as the photo-ionization detector (PID), electron-capture
detector (ECD), thermionic ionization detector (TID}{Mitra, et al., 1995), and
atomic emission detector (AED)(Schafer, 1993), which provide very sensitive

and specific analyses for a variety of organic compounds.
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There are currently several task groups of ASTM Subcommitte D01.21
(Chemical Analysis of Paints and Paint Materials) investigating the use of gas
chromatographic techniques for the analysis of VOCs and HAPs in paints and
other coating materials. The most promising approach appears to be the work
of the group "Hazardous Air Pollutants (HAPs) in Paints by Headspace/Gas
Chromatography/Mass Spectrometry”. There are a number of advantages to
using headspace analysis rather than direct injection of samples into the gas
chromatograph. First, by keeping the volatilization process separate from the
gas chromatographic analysis, the method can follow the current EPA
Method 24 test conditions (heating at 110 C for one hour) or any other test
conditions which may be required, including the use of UV radiation to cure
coatings. There is also less chance of decomposition, since the high injection
port temperatures (250 C) required by direct injection are not necessary.
Headspace analysis also makes it possible to measure VOCs and HAPs from
powder coatings, fast cure multi-component paints, and other coatings which
cannot be directly injected into a GC.

There are some drawbacks in the static-headspace approach which is
currently being used by the ASTM group, since the VOCs and HAPs are in
equilibrium with the nonvolatile matrix, and therefore different compounds
may have different relative response ratios, depending upon exact nature of
the matrix and the equilibrium temperature. It would appear that a dynamic-
headspace technique would be preferable, since it would be able to strip all of
the VOCs and HAPs from the sample for an absolute, quantitative
determination. A dynamic-headspace technique would require some method
of sample collection prior to injection of the sample into the GC, but there are

a number of potential methods available, including the use of multi-sorbent
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traps (McClenny, et al., 1995), cryogenic trapping, and chemical derivitization
for analysis of specific compounds.

There has not been as much attention paid to new method
development for source test methods for VOC emissions. However, the
results of the study by Eklund and Nelson (1995) suggest possible incentives to
develop new source test methods for VOC emissions. Their results show
accuracy and reproducibility problems among the current test methods, and
the cost and inconvenience of using total temporary enclosures (TTEs) for
measuring fugitive VOC emissions. The South Coast District is developing a
low VOC method that holds promise for detecting concentrations below 5
ppm.

One promising approach for determining VOC emissions from coating
operations has been investigated by Wadden et al.(1995a,b). They used the
building shell as the test enclosure, and measured air flow rates and VOC
concentrations at each air entry and exit point. Samples were collected
simultaneously at all locations over 12 one-hour periods, using adsorbent
tubes, and were analyzed by GC for total VOC and up to 19 individual
compounds. They were able to determine VOC emissions rates from 3
different offset printing plants without using a TTE, and without interfering
with worker's activities, increasing worker exposure to air pollutants and
noise, or increasing safety and explosion hazards, all potential problems with
the use of TTEs.

This general approach of collecting integrated samples at strategic
locations throughout the building for subsequent analysis by GC appears to be
one that should receive further testing. There are a number of possible
improvements to the method of Wadden et al. (1995a,b) which should be
investigated, including the use of different sorbents (McClenny, et al., 1995) or
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integrated canister samples, the use of new sampling techniques such as solid
phase microextraction (Zhang & Pawliszyn, 1993), and the use of inert tracers

and source-receptor modeling to differentiate sources from different processes
located within a single building.

The sampling and analytical techniques and source-receptor models for
data analysis of VOC emissions have been extensively developed for use in
ambient air, where the use of TTEs was never a possibility. Therefore, there
are well developed and validated methods for sample collection and analysis
for VOCs, and for source-receptor analysis of the VOC measurements. These
methods should be considered when developing new source test methods

for VOC emissions from coating operations.
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A\
Ranking of Test Method Problems
1. Telephone Conference on Test Method Problems

The final task of the project to survey test methods and method
development for VOC ermissions from coatings and coating operations is the
ranking of the test method problems identified in the previous section. The
test method problems were identified by a combination of extensive research
into the scientific and technical literature, a series of surveys sent to scientists
and officials at local, state, and federal air pollution agencies and private
laboratories and consulting firms, and direct correspondence and
conversations with individual scientists and officials.

As a result of the literature research and the responses and ideas of
many scientists and officials directly involved in implementing test methods
for VOC emissions from coatings and coating operations, we prepared a series
of position papers on the problems we had identified with the test methods.
These position papers, which represented our developing understanding of
the test method problems for VOC emissions from coatings and coating
operations, were circulated to selected individuals who had responded to our
previous surveys.

We prepared three versions of our position paper on test method
problems, each successive version incorporating the comments and ideas of
the scientists and officials who had reviewed the previous version. The third
version was prepared for the telephone conference with the air pollution
control and air quality management districts, and was sent to all the
participants prior to the conference. An agenda for the telephone conference
was also sent to the participants, in order to insure that all of the major topics

were discussed, given the time constraints of the conference (Table 8).
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The conference was organized by the personnel of the California Air
Resources Board, and was held on October 17, 1995. A list of the participants is
given in Table 9. The five districts who participated (Bay Area AQMD,
Sacramento Metropolitan AQMD, San Diego County APCD, San Joaquin
Valley Unified APCD, and the South Coast AQMD) represent areas
comprising more than 80% of the population of California, and
encompassing all of the regulatory categories for VOC emissions from
coatings and coating operations we identified in Table 1.

2. Ranking of Test Method Problems/Results of Telephone Conference

~ The participants in the telephone conference were virtually
unanimous in their agreement on the number one problem with current test
methods for VOC emissions from coatings and coating operations: the
inability of EPA Method 24 (and related ASTM and district methods) to
provide accurate results for coatings containing low VOC and high water
content. The current methods cannot be used with confidence for water-borne
coatings containing VOC < 100 g/L. The problem is not primarily with the
analytical techniques involved, but with the method of calculating the VOC
concentration (as described in the previous section). Additional problems
with EPA Method 24 and related methods were mentioned regarding high
solids, multi-component coating mixtures, and with the proposed exemption

of acetone, and the use of ammonia as a solvent.
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The problems with EPA Method 24 and related methods are not
amenable to improvements in the various analytical techniques involved.
The existing analytical techniques are already extremely accurate. The primary

problem is the method of calculating VOC content using the formula:

(total volatile content) — (water content) — (exempt solvent content)
(1—(water fraction)—(exempt solvent fraction))100%

VOC Content =
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Table 8: TELEPHONE CONFERENCE AGENDA

Topic: Telephone Conference on VOC Test Method Probiems with
ARB/UCD/District Representatives

Location: ARB Conference Room CN1, Sacramento.
Telephone No.. (916) 327-1528

Date: Tuesday, October 17, 1995
Time: 1:30-3:30

Agenda:
Laboratory Test Methods (EPA Method 24)

1. General problems with low-VOC (<100 g/L)coatings
2. Specific problems with current methods for all coatings
(a) Volume nonvolatile matter (ASTM d 2697)
(b) Water content (ASTM D 4017 & D 3792)
(c) Multi-component and high solids coatings (ASTM D 2369)

Source Test Methods

1. EPA Method 25
2. EPA Method 25A
3. Other source test methods (portable analyzers, canisters, tubes)

Transfer Efficiency Test Methods

(No current accepted methods)

Support Test Methods

*Phone calls placed to District Representatives between 1:20 and 1:25 PM
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Table 9: Telephone Conference Participants

Name

David Pierotti
Brian Higgins

Robert Grant
Pete Kosel
Cindy Castronovo

Rudy Zerrudo
Cieophina David
Gary Fend

Kevin Leonard
Pat Tedeschi

Natalie Zlotin
Clint Cooney

Raj Atwal

Corie Choa
Glenn Kasai

Organization

University of California, Davis
University of California, Davis

California Air Resources Board
California Air Resources Board
California Air Resources Board

Bay AreaAQMD
BayAreaAQMD
BayAreaAQMD

Sacramento Metropolitan AQMD
Sacramento Metropolitan AQMD

San Diego County APCD
San Diego County APCD

San Joaquin Valley Unified
APCD

South Coast AQMD
South Coast AQGMD
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Therefore, it appears necessary to develop a new, direct method for
determining the VOC content of coatings which can be used for low VOC,
high water-content coatings. The use of a direct method would address a
number of problems in addition to the problem with low VOC coatings,
including the proliferation of exempt compounds, the need to measure
hazardous air pollutants (FHAPs), and the proposals to base ozone control
strategies on the atmospheric reactivity of individual VOCs, rather than the
total VOC content (Russell, et. al., 1995, Bergin, et. al., 1995).

There was not general agreement on any other particular problem with
current test methods. Specific problems with source test methods such as EPA
Methods 25 and 25A were discussed. Considerable criticism was made of the
expense of the methods, particularly with regard to measurements of capture
efficiency. It was generally agreed that capture efficiency is routinely calculated
using a mass balance approach, rather than by making direct measurements.

Given the reluctance to use Method 25, 25A due to their expense, and
the poor accuracy they have shown in recent laboratory tests ( see for example
Eklund and Nelson, 1995), it would appear that consideration should be given
to developing new source test methods, including the use of integrated

samples and source-receptor analysis (Wadden, et. al., 1995a, 1995b).

Finally, with regard to test methods for transfer efficiency, there was
general agreement that the methods are useful primarily for a relative
ranking of equipment, rather than for establishing an absolute transfer
efficiency number. It was agreed that it is impractical to measure transfer

efficiency under real conditions. For example, one can get an average T.E.
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over extended periods by measuring gallons of coating used over , say, one
week, instead of a few ounces.

A list were then prepared that identified test methods with problems. It
is important to recognize that if a test method is not listed below (see Table 4
for a complete listing of test methods), then no conclusion should be drawn
other than it was not identified to have significant problems.
List A: Test Methods Identified with Significant Problems

In the following list, the test method problem is described, and the
importance of the problem is categorized in terms of relative importance,
magnitude of errors, cost of current method, importance assigned by districts,
and other considerations. These categories are used later for ranking the
problem. At this stage of the ranking procedure, the qualitative qualifiers

P74

“large”, “moderate” etc. are used.

Test Method: EPA Method 24 and ASTM D 3960: Determination of Volatile
Matter Content, Density, Volume Solids, and Weight Solids of Surface
Coatings

Problem:
Calculation of VOC for low-VOC, high-water-content coatings using
the "minus water equation” gives extremely poor precision and
accuracy, regardless of the precision and accuracy of the individual test
methods used to provide the data for the calculation.

Importance of Problem:
Relative importance: Affects all low-VOC, high water-content coatings
Magnitude of errors: Very large
Cost of current method: Increasing with complexity of test method
Importance assigned by districts: Very high
Other considerations: Other problems associated with method 24

Overall importance: Very high
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Resolution effort:
Develop new method using direct determination of VOC. Collaborate
with ASTM in testing and validation of method.

Estimated cost of resclution effort: $150,000-200,000

Test Method: EPA Method 24 and ASTM D 3960: The Determination of
Volatile Matter Content, Density, Volume Solids, and Weight Solids of
Surface Coatings

Problem: Not appropriate for UV-cured coatings

Importance of problem:
Relative importance: Affects all UV-cured coatings
Magnitude of errors: Large
Cost of current method: Not applicable
Importance assigned by districts: Low-Moderate
Other considerations: Other problems associated with Method 24

Overall importance: Moderate

Resolution effort:
EPA has added ASTM D 5403 Test Method for Volatile Content of
Radiation Curable Materials to EPA Reference Method 24.

Estimated cost of resolution effort: None

Test Method: EPA Method 24 and ASTM D 3960: The Determination of
Volatile Matter Content, Density, Volume Solids, and Weight Solids of
Surface Coatings

Problem: Ammonia present in coatings is included in VOC calculations.

Importance of problem:
Relative importance: Affects coatings containing ammonia
Magnitude of errors: Small-Moderate
Cost of current method: Not applicable
Importance assigned by districts: Low-Moderate
Other considerations: Ammonia emissions can be toxic.
Overall importance: Low-Moderate

Resolution effort:
Development of direct method to measure VOC would eliminate
problem. Addition of ammonia measurement to existing Method 24
would make Method 24 more inaccurate and imprecise, regardless of
the accuracy of the ammonia measurements.
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Estimated cost of resolution effort: None (if direct method is developed)

Test Method: EPA Method 24 and ASTM D 3960: The Determination of
Volatile Matter Content, Density, Volume Solids, and Weight Solids of
Surface Coatings

Problem: Exemption of acetone will affect VOC calculation.

Importance of problem:
Relative importance: Affects coatings containing acetone. It is expected
that many coatings will be reformulated to use acetone under the
exemption.
Magnitude of errors: Potentially Large
Cost of current method: Not applicable
Importance assigned by districts: Moderate -High
Other considerations: Acetone emissions can be toxic

Overall importance: Moderate-High

Resolution effort:
Development of direct method to measure VOC would eliminate
problem. Addition of acetone measurement to existing Method 24
would make Method 24 more inaccurate and imprecise, regardless of
the accuracy of the acetone measurements.

Estimated cost of resolution effort: None (if direct method is developed)

Test Method: EPA Method 24 and ASTM D 3960: The Determination of
Volatile Matter Content, Density, Volume Solids, and Weight Solids of
Surface Coatings

Problem: Very inaccurate for multicomponent, high solids coatings

Importance of problem:
Relative importance: Affects multicomponent-component, high solids
coatings.
Magnitude of errors: Large
Cost of current method: Moderate
Importance assigned by districts: Moderate
Other considerations: None

Overall importance: Moderate
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Resolution effort:
Development of direct method to measure VOC would eliminate some
of the problems. However, since sampling techniques are a very
important issue to consider when developing a method for
multicomponent coatings further development in sampling
techniques will be needed.

Estimated cost of resolution effort: $50,000 (if development of special
sampling techniques is necessary)

Test Method: ASTM D 2697: Volume Nonvolatile Matter in Clear or
Pigmented Coatings

Problem:
Determination of volume nonvolatile matter by liquid displacement is
difficult and inaccurate.

Importance of probiem:
Relative importance: This method is generally not used. Volume
percent solids are provided by the manufacturer based on formulation
data.
Magnitude of errors: Large
Cost of current method: Low
Importance assigned by districts: Low
Other considerations: None

Overall importance: Low

Resolution effort:
Method using a helium pycnometer is currently under review by
ASTM Committee D01.21.

Estimated cost of resolution effort: None

Test Method: ASTM D 4017: Water in Paints and Paint Materials by Karl
Fischer Method

Problem:
Latex resins used in some waterborne coatings are not soluble in
standard Karl Fischer solvents.

Importance of problem:

Relative importance: Affects some latex resin coatings.
Magnitude of errors: Moderate
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Cost of current method: Low
Importance assigned by districts: Low
Other considerations: None

Overall importance: Low

Resolution effort:
Revised method extracting the water into methanol has been
developed and is being tested by ASTM Committee D01.21. Use of a
homogeneizer for dispensing the coating in methanol is viewed as
helpful.

Estimated cost of resolution effort: None

Test Method: EPA Method 25: Determination of Total Gaseous Nonmethane
Organic Emissions as Carbon

Problem:
The method can be inaccurate for some processes, doesn't measure
actual emissions, and is very expensive to use.

Importance of problem:
Relative importance: Affects all measurements using this method.
Magnitude of errors: Large/Very Large
Cost of current method: High
Importance assigned by districts: Moderate
Other considerations: None

Overall importance: High

Resolution effort:
New methods need to be developed, particularly methods which can
accurately quantify polar organic compounds, including oxygenated
compounds.

Estimated cost of resolution effort: Unknown. Could be very large.

Test Method: EPA Method 25A: Determination of Total Gaseous Organic
Concentration Using a Flame Ionization Analyzer

Problem:
The method lacks reproducibility (relative to a blind), can't be used
with combustion sources, doesn't measure oxygenated VOCs, must be
corrected for exempt compounds, and is cumbersome and expensive to
use.
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Importance of problem:
Relative importance: Affects all measurements using this method.

Magnitude of errors: Large/Very Large
Cost of current method: High

Importance assigned by districts: Moderate
Other considerations: None

Overall importance: High

Resolution effort:
New methods need to be developed, particularly methods which can
accurately quantify polar organic compounds, including oxygenated
compounds.

Estimated cost of resolution effort: Unknown, Could be very large
Test Method: EPA Capture Efficiency Protocols

Problem:
Protocols require use of permanent or temporary total enclosure. This
requirement is extremely expensive, inconvenient, and potentially
dangerous. It also makes spot inspections impossible. South Coast
District Protocol addresses theses concerns, and EPA is adding
alternative protocols.

Importance of problem:
Relative importance: Affects all measurements using this method.
Magnitude of errors: Large/Very Large
Cost of current method: Very high
Importance assigned by districts: High
Other considerations: Method is rarely used because of problems.

Overall importance: High

Resolution effort:
New methods need to be developed involving the collection of
integrated samples using evacuated containers, cryogenic sampling, the
use of tracers.

Estimated cost of resolution effort: $100,000
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Transfer Efficiency Test Methods: ASTM D 5066, ASTM D 5009, ASTM D 5286,
ASTM D 5327

Problem:
No transfer efficiency test methods are currently approved by the EPA
or other federal regulatory agencies. They are generally only useful for
the relative ranking of spray equipment, not for the absolute
determination of transfer efficiency.

Importance of problem:
Relative importance: Affects all measurements using these methods
Magnitude of errors: Large/Very Large
Cost of current method: Not applicable
Importance assigned by districts: Low
Other considerations: None

Overall importance: Low

Resolution effort:
Transfer efficiency test methods are currently being studied by
SCAQMD.

Estimated cost of resolution effort: Unknown
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VI
Procedure for Updating Test Method Priority Ranking

The following procedure is recommended for- ARB personnel or other
researchers seeking to update the priority ranking for VOC test methods for
coatings and coating operations identified in this report, as well as to identify
any new test method problems. It builds on the methodology developed in
this study, and assumes that a data base containing all existing California
APCD and AQMD regulations dealing with VOC emissions from coatings and
coating operations has been created. Procedures for creating such a data base
are given in Chapter II of this report. However, we recommend that the
existing data base be used. The software file is included with this report.

For convenience the update procedure has be broken down into the
following steps.

(I). A data base (see, for example, Table 1) containing all existing California
APCD and AQMD regulations dealing with VOC emissions from coatings and
coating operations must be updated, along with all current test methods
described in those regulations. A survey letter and questionnaire should be
sent to all the districts listed in Table Al, once the appropriate contact person
has been identified. A list of contact names, including addresses, and
telephone numbers of the persons contacted at all 34 districts in California
during this study are provided in Table Al, and may be used as a starting

point. Telephone calls should be made prior to sending the survey letter in
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order to confirm the name and address of the appropriate contact person at all
34 districts.

The form of survey letter and questionaire may be drafted from the
example provided (Survey letter A1). We recommend making several
modifications in the survey letter to be sent to the districts. The name and
address of each person to whom the survey is sent should be printed on the
survey response form, and a space should be provided for the signature of the
person responding. The question regarding laboratories which perform the
test methods should be dropped, since it did not receive any positive
responses. The responses from the districts to the survey letters will provide

the basis for updating the database.

(I1). After the district regulations and test methods have been documented
and processed according to the methodology described in Chapter 2, the data
should be analysed to identify any new problems with the current test
methods. A survey letter and questionnaire should be sent to the people
identified by our previous surveys (listed in Table 6), as well as any new
individuals or laboratories identified from contacts with the districts, ARB,
EPA, ASTM, or by database or Internet searches. A suggested format for this
survey letter and questionaire is provided ( Survey A2). However, the
questionaire should be updated to reflect the priority list of test method
problems developed in this study, along with any new test method problems

identified in the survey of district representatives (Step 1).
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Although we strongly recommend that the survey letter and
questionnaire focuss on specific problems which have been previously
identified, any new problems which may have been recognized subsequent to
this study should not ignored. Thus it is essential that the survey letter and
questionnaire clearly and unequivocally request information on any
problems with VOC test methods for coatings and coating operations, not just

the ones identified in this study.

(II). A library and database search should be undertaken to identify all studies
conducted to develop or improve test methods related to VOC emissions
from coating operations since the previous review. A methodology for
conducting a thorough computer library and database search using the
facilities of the University of California, Davis Library is described below. A
list of search terms (title words, key word formats) are given in Table A5. We
also recommend that similar searches be conducted through the Internet,
including the World-Wide-Web (WWW), using the web browsers such as
Netscape, Internet Explorer or Mosaic. Internet “search engines” such as
AltaVista, Lycos, Infoseek, and Yahoo are particularly useful. A list of Internet
addresses containing information relating to regulations and test methods
concerning VOC emissions from coatings and coating operations is given in
Table A6. The ability to use the Internet to conduct online searches is is

expanding rapidly, and it is likely that much more information will be
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available in the future. However, this list should provide a starting point for
future Internet searches.

Traditional library and database searches can be conducted using the
facilities at the University of California, Davis library, including the Melvyl
Library system (which provides access to the entire resources of all the
University of California libraries), the library CD-ROM network, and the
government documents collections. In addition, the use of on-line database
services, including the Internet and the on-line Chemical Abstracts Service
are recommended. The Air Resources Board library is another resource. In
the present study the database search included, but was not limited to the
databases and systems listed in Table A4.

The databases should be searched using the “title-word” format. If no
citations are found using this format, then an alternate key-word format
should be implemented. In most instances, we found that “title-word” was
the most effective method for obtaining article citations, using the prescribed
search strategy format. The search strategy format should incorporate specific
search terms into an algorithm, thus enabling a more systematic means of
literary surveying to be conducted. Table A5 identifies useful search terms for
implementing a search strategy.

Searches conducted through the Internet are facilitated when web
browsers such as Netscape, Internet Explorer, or Mosaic are used, in
conjunction with “search-engines”. The purpose of searching through the

Internet is to locate information relating to VOC'’s, coatings, coating
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operations and methods of testing for VOC’s in coatings and coating
operations, that might not be readily found in standard databases. The search
strategy should incorporate initial search terms (e.g. environment, EPA,
government regulations) followed by terms (e.g. coatings, coating operations,
VOC , methods of testing for VOC’s) more specific in content to the subject
matter being sought. We found that this search strategy enabled us to

systematically narrow the specific search field to obtain useful information.

(IV) After the responses to the surveys have been received, and the data base
search has been conducted, a third survey letter should be sent out to selected
- federal, state, and local district representatives identified in the previous
surveys. This survey letter would include a list of all the test method
problems identified by the previous two surveys. The respondents of this
survey would be asked to evaluate the impact each test method has on
districts according to a qualitative formula. The evaluation scores will
provide the basis for ranking test method problems in Step V. A sample
survey form is included in the Appendix (Survey A3)

The formula we propose for evaluating the impact of test methods
identified in Survey 3 is described below. The formula consist of 4 factors, to
which a total of 100 points (maximum) would be assigned. {100 points ->

highest impact)

1. The relative importance of the test method (40 points)
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This factor includes the relative magnitude of the source being tested, the
nature of the materials being tested (i.e. are they toxic, extremely reactive,
etc.), and the availability of alternative test methods. The allocation of points
may be subdivided among the following categories, but the total should not
not exceed 40.

(i) Magnitude of emissions affected by test:  0-40 points

(ii) Toxicity of emissions affected by test: 0-20 points

(iii) Availability of alternative test methods: 0-10 points
If detailed emissions data for coatings are not available, then the relative
impact of a test method can be estimated by the percentage of district rules
which cite the test method in question (i.e. if the district has 10 rules relating
to coatings, and 6 of them cite a particular test method, then it can be
estimated that the test method affects >50% of coatings emissions for that
district). For the purpose of this project, the magnitude of the emissions
affected by the test method is likely the most important category, since water
base coatings are not likely to be toxic.
2. The magnitude of the errors associated with the test method (30 points)

This factor includes the relative standard deviation (RSD) of the test
method as determined by interlaboratory studies, and the absolute accuracy of
the test method, which may be more difficult to determine. In assessing the
impact this factor has on implementing the test method, respondents may

choose to assign points according to the following criteria:
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(1) RSD>50%: 30 points

(2) RSD 20-50%:  15-29 points

(3) RSD 10-20%:  5-15points

(4) RSD<10%: <5 points
If the survey respondents do not have information regarding the magnitude
of errors associated with the test method, they do not have to respond to this
category.

3. The cost of implementing the current test method (20 points)

This factor includes not only the cost of the testing laboratory or other
organization performing the test method, but also the cost to the organization
(factory, auto-body shop, etc.) whose emissions are being tested. For example,
if the performance of the test method requires shutting down or disrupting
the productive activities of a facility thereby placing excessive demands on
personnel, then the cost can be far greater than the simple cost of performing
the test method. Possible dangers to workers or testing personnel associated
with performing certain test methods can also be included in this factor. A
maximum total of 20 points would be allotted to this factor, the higher the
number of points, the more costly it is to implement the method.

4. The importance assigned by the districts and other regulatory agencies to
the test method (10 points)

This factor may differ from the relative importance of the test method
assigned in section (1) due to considerations specific to particular regions,

including public perceptions, differing patterns of industrial development,
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political considerations, etc. A maximum total of 10 points would be allotted
to this factor.

The exact weight given to each factor described above is somewhat
arbitrary, but we believe it generally reflects the relative importance of the
different factors. Factor (4) is given a relatively low importance because the
views of the districts and other regulatory agencies will be considered in the
other three factors as well.

On the survey form, it would also be helpful if respondents identify
which of the following categories each test method belongs:

(i) >50% of coatings emissions affected by test method:

(ii) 20-50% of coatings emissions affected by test method:

(iii) <20% of coatings emissions affected by test method:

Examples of using this formula on test method problems identified in this
study are given in Section VII.

(V). Finally, after the responses to the survey letters and questionnaires have
been analyzed, and the database and Internet searches, and other information
gathering have been completed, the collective input from the districts should
be sought to obtain an informed evaluation of the importance of the test
method problems and to arrive at a priority ranking of them.There are
several approaches that we can recommend: (a) a face-to-face meeting; (b)
video/teleconference meeting; (c) internet meeting using group-ware
software such as Lotus Notes, Microsoft Exchange. What ever format is used

to conduct such a meeting, it should allow for the interaction and free

Page 71



exchange of information among representatives of the various government
regulatory agencies (EPA, ARB, SCAQMD, etc.), and other groups such as
ASTM, testing laboratories, universities, and industry. If the expenses can be
justified, we recommend a face-to-face meeting be held. The other formats
depend heavily on the availability of necessary technology at the various
sites, and the software expertise of the participants. A conventional
teleconference meeting becomes unmanageable and inefficient when the
number of participants exceeds six. One possibility to minimize the costs of a
face-to-face meeting, is to arrange it to coincide with another meeting or
conference which many of the participants would already be planning to
attend, such as the annual meeting of the Air & Waste Management
Association, or the semi-annual meetings of the ASTM Committee D01.21.

Before the meeting is held, a position paper should be prepared by the
personnel conducting the updating of the test method priority ranking. The
position paper should list all the test method problems identified in steps (I)-
(IT) and the impact these methods have on districts (Step IV). A meeting
should then be organized by ARB, in conjunction with the South Coast and
Bay Area AQMDs, and should include representatives of the districts, testing
laboratories, the EPA, ASTM Committee D01.21, and the ARB. It is essential
that the position paper be distributed to the participants well in advance of
the meeting, with an appropriate agenda that includes the overall objectives
of the meeting. The duration of meeting will depend on the format. At a

minimum, the organizers should allow sufficient time to thoroughly
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evaluate all of the test method problems identified, and to arrive at a
generally agreed -upon priority ranking of the problems.

If a face-to face meeting is held, then the meeting should be held in a
convenient location to enable all participants to attend in person. One
possible format for such a meeting is a conference, with talks by invited
speakers from organizations such as ASTM and the EPA. The talks could be
presented in the morning, and then the afternoon could be devoted to
discussion and evaluation of the test method problems. Organizing the
meeting as a conference with talks by experts on test methods would make it
more interesting and useful to district representatives, and therefore might

encourage greater participation on their part.
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Vi

Sample Application of the Ranking Formula
In ranking the test method problems (List A in Section V) according to

the formula which we have proposed, we have chosen to include all of the
problems identified for a particular test method in a single ranking of that test
method. We have done this because any effort to resolve problems with a
particular test method should take all of the problems into account. A
solution to a particular test method problem might exacerbate other existing
problems, or even create new ones, and these possibilities must be considered
when devising any effort to resolve existing test method problems.

The problems with EPA Method 24 are an example of these
considerations. The principal problem with Method 24 is the inability of the
method to accurately determine the VOC levels of low-VOC, high water-
content coatings due to the way in which the VOC content is calculated.
However, any effort to resolve this problem should also take into account the
other existing problems with Method 24, such as the inclusion of volatile
compounds such as ammonia and acetone (which has been exempted from
consideration as a VOC), the iraccuracy of the method with regard to multi-
component coatings, etc. A test method (such as the one proposed by the
Research Triangle Institute) which eliminates the problem of Method 24 due
to the "minus-water" calculation, but which still includes all of the exempt

volatiles such as ammonia, acetone, and the halogenated hydrocarbons, is not
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an effective solution when all of the problems identified for Method 24 are
taken into consideration.

It may not be possible to resolve all of the existing problems with a
particular test method by a single effort, and the development of a new
method may produce new problems, or elevate minor problems to major
status. Therefore a continuing process of evaluation is necessary, which takes
into account the previously identified problems with a particular test method,
as well as any new problems which may have arisen as a result of changes in
the test method. The overall goal of the evaluation process is always the
improvement of the precision and accuracy of the test methods, the
simplification of the methods, and the reduction of the cost of the testing

process, in that order.

Priority Ranking of Test Method Problems
We rank the test methods problems using the ranking procedure

described in Section VI (Step IV). In order of priority the results are:

Test Method: EPA Method 24 and ASTM D 3960: Determination of Volatile
Matter Content, Density, Volume Solids, and Weight Solids of Surface
Coatings

1. Relative Importance of Test Method: 40 points

2. Magnitude of the Error Associated with Test Method: 30 points
3. Cost of Test Method: 10 points

4. Importance Assigned by Districts: 10 points

Total Score: 90 points

Ranking: 1

Test Method: EPA Method 25: Determination of Total Gaseous Nonmethane
Organic Emissions as Carbon
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1. Relative Importance of Test Method: 30 points

2. Magnitude of the Error Associated with Test Method: 30 points
3. Cost of Test Method: 20 points

4. Importance Assigned by Districts: 5 points

Total Score: 85 points

Ranking: 2

Test Method: EPA Method 25A: Determination of Total Gaseous Organic
Concentration Using a Flame Ionization Analyzer

1. Relative Importance of Test Method: 30 points

2. Magnitude of the Error Associated with Test Method: 30 points
3. Cost of Test Method: 20 points

4. Importance Assigned by Districts: 5 points

Total Score: 85 points

Ranking: 2

Test Method: EPA Capture Efficiency Protocols

1. Relative Importance of Test Method: 30 points

2. Magnitude of the Error Associated with Test Method: 25 points
3. Cost of Test Method: 20 points

4. Importance Assigned by Districts: 5 points

Total Score: 80 points

Ranking: 4

Transfer Efficiency Test Methods: ASTM D 5066, ASTM D 5009, ASTM D 5286,
ASTM D 5327

1. Relative Importance of Test Method: 10 points

2. Magnitude of the Error Associated with Test Method: 20 points
3. Cost of Test Method: 15 points

4. Importance Assigned by Districts: 5 points

Total Score: 50 points

Ranking: 5

Test Method: ASTM D 4017: Water in Paints and Paint Materials by Karl-
Fischer Method

1. Relative Importance of Test Method: 20 points

2. Magnitude of the Error Associated with Test Method: 10 points
3. Cost of Test Method: 5 points

4. Importance Assigned by Districts: 5 points

Total Score: 40 points

Ranking: 6
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Test Method : ASTM D 2697: Volume Nonvolatile Matter in Clear or
Pigmented Coatings

1. Relative Importance of Test Method: 10 points

2. Magnitude of the Error Associated with Test Method: 15 points
3. Cost of Test Method: 5 points

4. Importance Assigned by Districts: 5 points

Total Score: 35 points

Ranking: 7
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VIIL
Procedure for Identifying Projects to Resolve Test Method Problems

After the test methods problems have been identified and ranked
according to the procedures described in Section VI, a procedure for
identifying projects to resolve problems needs to be implemented. We
recommend that all test method problems which achieved a total score of
more than 75 points according to the test method ranking formula be
evaluated to identify projects which address potential solutions to the
problems.

The procedure for identifying projects to resolve problems with current
test methods for VOC analysis of coatings and coating methods should
include the following steps:

1. Identify and Allocate Personnel and Other Resources Necessary to Conduct
the Evaluations.

This includes identifying the people who will perform the work,
designating the person who will manage the project, determining how much
time can be charged to the project, and setting a time schedule for completing
the project. If staff resources needed to conduct various aspects of the project
(see below) are not available within ARB, those portions of the evaluation
project should be put out for competitive bid.

2. Survey Current Method Development Activity for VOC Analysis of

Coatings
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There are a relatively small number of agencies which are reg-ulérly
involved in method development for VOC analysis of paints and other
coatings. The principal agencies involved are the American Society for
Testing and Materials (ASTM), the U.S. Environmental Protection Agency
(EPA), the California Air Resources Board (CARB), and the Bay Area and
South Coast Air Quality Management Districts (BAAQMD and SCAQMD).

The ASTM is an organization whose purpose is the coordination of
ongoing method development and evaluation in all areas of science and
technology involving American business and industry. It is made up of a
number of committees and subcommittees comprised of representatives of
federal, state, and local governments, universities, and businesses and
industries affected by the test methods. The particular committee dealing with
Paints and Related Coatings is ASTM Committee D01, and the Chemical
Analysis of Paints and Paint Materials is the responsibility of Subcommittee
D01.21 (K.H. Fujimoto, Chair). Committee D01 meets twice a year for four
days, with the next scheduled meetings in San Francisco on June 23-26, 1996;
and Fort Lauderdale, Florida on January 26-29, 1997. The subcommittee
reports from the meetings are published approximately four months after the
meetings (i.e. in November or December, and May or June) in the Journal of
Coatings Technology.

The ASTM subcommittees are involved in a continuous process of
method development and evaluation, including the organization of ‘round-

robin' interlaboratory testing of proposed methods before they are approved
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by the ASTM subcommittees. Therefore, the appropriate ASTM
subcommittee (in the case of paints and other coatings, Subcommittee D01.21)
is the best place to start in any survey of current test methods and test method
problems.

The U.S. EPA is charged with the responsibility of developing and
validating test methods for a wide range of environmental pollutants. They
are ultimately responsible for establishing the official test methods which are
used for measuring most environmental pollutants, and which are cited in
most state and local regulations relating to environmental pollution.
Therefore, it is important to consult the relevant section of the EPA in
conducting any survey of test methods and test method problems. The EPA is
not involved in continuous evaluation of test methods, but they do conduct
test method development, and they provide funds to outside agencies to
develop and evaluate test methods.

The CARB, BAAQMD, and SCAQMD act in the same manner as the
EPA, but on a somewhat smaller scale. They are involved in test method
development, and they fund outside agencies to develop and evaluate test
methods. Therefore, relevant sections within these agencies need to be
consulted in conducting surveys of test methods and test method
development.

A list of key personnel involved in test method development should
be produced in the course of the survey of current test method development

(above). It should include key members of the relevant ASTM committees,
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and scientists involved in test method evaluation and development at the
EPA, CARB, BAAQMD, and SCAQMD.
3. Define the Scope of the Problem with Current Methods

For example, if a test method has more than one problem, it is
necessary to identify the parameters which are affected by each problem with
the method, and how they affect the overall precision and accuracy of the test
method in question. It is important to determine which elements of the test
method are actually causing problems, what their precision and accuracy are,
and to establish goals for the precision and accuracy of any new or modified
test methods.

The goals for the precision and accuracy of new or modified test
methods should be determined by consultation with the key personnel in test
method development identified in the previous step. The goals must reflect
both the precision and accuracy required for the test method to provide useful
data for regulatory purposes. Although it is not necessary at this stage to
undertake a full cost analysis, it is advisible to consider the cost and difficulty
in achieving the goals, so that alternative measurements which are less
expensive or difficult are considered, but which still fulfill the purpose of the
original test method.

4. Feasibility Study and Cost Analysis

It is extremely important to identify any possible elements of the

proposed efforts to resolve test method problems which would make it

impossible to achieve the goals established in the previous step (for example,
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if no technology exists to perform a particular measurement with the
required precision and accuracy, or if the cost of performing the
measurements is prohibitively expensive). In this step, a cost analysis of new
test method development must be undertaken. For each of the

measurements on the priority list in, it is necessary to estimate the cost of
developing new or modified test methods, based upon existing technology. In
addition to estimating the cost of developing new test methods, an estimate
should also be made of the cost of implementing any new methods, including
the cost of new equipment which might be required by laboratories, and
personnel costs such as training or the necessity to hire more highly skilled
workers.

It is anticipated that after a cost analysis is undertaken on each of the
goals identified in Step 3, it may be necessary to return to Step 3 to seek
alternative mesurement techniques because the projected costs are
unrealistic. In some circumstances it may not be possible to estimate reliably
the cost of developing a new or modified test based on the goals established in
Step 3. Howver, any uncertainty uncovered in the feasibility study will be
reflected in the next step which establishes a priority list .

5. Develop Priority List of Measurements Requiring New Test Methods

This list is related to the priority list of test method problems, but is
more specific. A particular test method may contain a number of subsidiary
methods required to measure different parameters, all of which go into the

overall result which the test method seeks to produce. The test method may
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have problems with one or more of the subsidiary measurements, and it is
necessary to develop a priority listing of the specific measurements which
require new or modified test methods. The cost estimate from Step 4 is
included at this time. In particular, it would be desirable to have some
measure of impact of the improved test method versus development and
implementation costs. Data collected from districts during the updating of test
method problems described in Section VI may be useful in establishing this
impact factor.

The list should then be distributed to the key personnel in test method
development identified previously, and a final list should be prepared based
upon their responses.

6. Determine if ARB can Perform Method Development

Once the final priority list of measurements requiring new or modified test
methods has been prepared, it should be determined if ARB can perform the
method development itself, or in collaboration with SCAQMD and
BAAQMD. It may be possible for ARB and the AQMD:s to perform
preliminary measurements to better define the problem with a particular test
method, and perhaps reduce the cost of resolving it.

7. Draft RFP for New Test Method Development

The RFP for the development of new test methods should be
distributed to the list of key personnel identified above, and revised according
to their responses.

8. Issue RFP, Evaluate Proposals, and Award Contracts.
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Survey A1: LETTER SENT TO DISTRICTS FOR SURVEY OF RULES

November 18, 1994
<<DATA districts>>

<<name>>
<<title>>
<<street>>

<<city state zip>>

Dear <<full name>>:

We are conducting a survey for the Air Resources Board to evaluate the test methods currently in use
and under development to measure emissions of volatile organic compounds (VOCs) from coatings and
coating operations (i.e. paints, inks, coatings, adhesives, polyester resins, and cleaning soivents).

We believe that it is important to get information on test methods and method development from the
people involved on a day-to-day basis with implementing the regulations regarding VOC emissions from
coatings and coating operations. Therefore, we are contacting you and the other officials at local air
pollution control districts in California to get information regarding current regulations and the test
methods which are necessary to implement those regulations (and proposed regulations and methods
cumently under consideration). .

The results of the survey will be made available to the participating districts, and the recommendations
to the Air Resources Board regarding testing probiems and test method development will be formulated
in collaboration with a panel of local district representatives.

On the accompanying questionnaire we have listed all current reguiations which we have identified for
your district which deal with VOC emissions from coatings and coating operations. If we have omitted
any current regulations, or if you have any regulations currently under consideration, we would
appreciate it if you would list them in the space provided on the questionnaire.

We would also like to know if your district performs any of its own testing for VOC emissions from
coatings and coating operations. f you do not perform your own testing, we would appreciate it if you
could provide us with the names of organizations or laboratories which do perform these tests, and which
you have found to provide acceptable results.

Finally, we would appreciate any comments which you or your staff would like to make regarding the
current test methods, including their appropriateness, precision and accuracy, reliability, and cost
effectiveness.

You can respond by mailing us the questionnaire in the enclosed envelope, or you can fax us your
response at (916)-752-7872. If you have any questions regarding the questionnaire, please call David
Pierotti at (916)-752-1823 or (916)-759-2037.

We would appreciate receiving your response within two weeks. Your responses are of great interest to
us, and we are looking forward to incorporating them into our report to the Air Resources Board.

Sincerely,
David Pierotti Brian Higgins
Research Professor Professor and Chair
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TEST METHODS SURVEY FOR LOCAL AIR POLLUTION CONTROL
DISTRICTS

Current regulations regarding VOC emissions from coatings and coating operations

Additional regulations regarding VOC emissions from coatings and coating operations
(including proposed regulations under consideration)

Agencies or laboratories found acceptable by district to perform test methods

Comments on current test methods for VOC emissions from coatings and coating
operations (use additional pages if necessary)

Please return to: Department of Chemical Engineering and Materials Science
University of California, Davis
Davis, CA 95616
Fax: (916) 752-7872
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Survey A2: LETTER SENTTO TESTING LABSFOR SURVEY OF TEST
METHODS

April 1, 1885
<<DATA districts>>

<<name>>
<<titlie>>
<<street>>

<«<city state zip>>

Dear <<full name>>:

We are conducting a survey for the Air Resources Board to evaluate the test methods currently in use
and under development to measure emissions of volatile organic compounds (VOCs) from coatings and
coating operations (i.e. paints, inks, coatings, adhesives, polyester resins, and cleaning solvents).

We believe that it is important to get information on test methods and method development from the
people involved on a day-to-day basis with conducting the test methods and performing the actual
analyses in the laboratory. The results of the study will be made available to the participating
laboratories, and the recommendations to the California Air Resources Board regarding testing
probiems and test method development will be strongly influenced by the information we get from
laboratories such as yours.

On the accompanying questionnaire we have listed most of the existing test methods for measuring
VOC emissions from coating and coating operations. If there are any other methods which we have
failed to identify, or which you believe should be included among the existing methods, we would
appreciate it if you would list them in the space provided on the questionnaire.

Finally, we would appreciate any comments which you or your staff would like to make regarding the
document test methods, inciuding any problems you have had with them, and any suggestions you
might have for improving them. Feel free to comment on any aspects of the test methods, including
their appropriateness, precision and accuracy, reliability, and cost effectiveness.

You are welcome to make comments and suggestions regarding the test methods at any level, from
suggestions for relatively minor, incremental changes in the existing methods up to recommendations
for the development of entirely new test methods. We are not committed to any particular approach at
the present time, and we are interested in any ideas and suggestions which you might have.

You can respond by mailing us the questionnaire in the enclosed envelope, or you can fax us your
response at (916)-7562-7872. Please include your name and phone number on the response form. | you
have any questions regarding the questionnaire, please call David Pierotti at (916)-752-1823 or (916)-
758-2037.

We would appreciate receiving you response within two weeks. Your responses are of great interest to
us, and we are looking forward to incorporating them into our report to the Air Resources Board.

Sincereiy,
David Pierotti Brian Higgins
Research Professor Professor and Chair
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SURVEY A2 FOR LABORATORIES PERFORMING VOC TEST METHODS Continued

<<DATA laboratories>> <<name>. <<organization>>
Current test methods for VOC emissions from coatings and coating operations

EPA Methods: 18, 24, 24A, 25, 25A, 25B, 25D
ARB Methods: 100, 422, 432

ASTM Methods: D-1613-81 {or 85), D-1639-83, D-3792-79 (or 86), D-1078-86, D-2879-83
(or 86), D-3960-87, D-2369-87, D-4457-85, E-260-85 (or 91)

SCAQMD Methods: 16, 17, 19, 22, 24, 251, 26, 302, 303, 304, 305, 309, 310, 311, 312,
316A

BAAQMD Methods: [II-9, Hi-21, 11-22, 11-23, [11-26, 1-31, 1II-35, 1H-36, IV-ST-7
40 CR 52.741, 40 CFR 60.713, 55 FR 26865

Additional test methods for VOC emissions from coatings and coating operations
(including proposed methods under consideration).

Comments on cumrent test methods for VOC emissions from coating and coating
operations (use additional pages if necessary).

Name, address, and phone number of person filling out form:

Please return to:

Department of Chemical Engineering and Materials Science
University of California, Davis

Davis, CA 95616

FAX: (916) 752-7872
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Survey A3: LETTER TO BE SENT TO SELECTED DISTRICT REPRESENTATIVES'
FOR EVALUATING IMPACT OF TEST METHOD PROBLEMS

<<DATE>>

<<name>>

<<title>>

<<street>>

<<city state zip>>

Dear <<full name>>:

We are updating our procedures for evaluating problems associated with test methods currently in use

and under development to measure emissions of volatile organic compounds (VOCs) from coatings and

coating operations (i.e. paints, inks, coatings, adhesives, polyester resins, and cleaning solvents).

From two previous surveys we have identified the following test methods to have significant problems
that should be addressed.

<<List of test methods and problems. A passible format is provided in Sec. IV, List A>>

We are now in the process of ranking these problems and would like you to evaluate the impact each
test method listed above has on your district according to the following criteria:

(i) Relative importance of test method (40 points)
{(a) Magnitude of emissions affected by test
(b)Toxicity of emissions affected by test
(c) Availability of alternative test methads
(i) Magnitude of emrors associated with test method (30 points)
(iii) The cost of implementing the current test method (20 points)
(iv) The importance assigned by the districts and other regulatory agencies (10 points)
We have enclosed guidelines << taken from Sec. VI>> for assigning points to the various categories.
We would appreciate receiving your response within two weeks so that your input is available to the
committee members who will be ranking the test methods on <<date>>. Your response is of great
interest to us and we look forward to hearing from you.

Sincerely,
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TableA1:SURVEYRESPONSEOFDISTRICTCONTACTS

District Contacts Phone No.
Amador County Roxanne Keith (209) 223-5406
APCD
Bay Area Gary Fend (415) 749-4604
AQMD Rudy Zerrudo (415) 771-8000
Butte County Gina Facca (916) 8951-2882
APCD
Calaveras Jearl D. (209) 754-6521
County APCD  Howard
Colusa County Hamry Krug (916) 458-5891
APCD
El Dorado Ronald (916) 621-5300
County APCD Duncan Dennis (916) 621-6662

Otani
Feather River Ken Corbin (916) 634-7659
AQMD
Glenn County Ed Romano (916) 934-8500
APCD
Great Basin Dr. Ellen (619) 872-8211
Unified APCD Hardebeck (619) 872-8211
Duano Ono
imperial County Stephen (619) 339-4606
APCD Birdsal Gaspar (619) 339-4314
Kemn County Joel Heinricks (805) 861-3502
APCD Tom Paxson  (805) 861-2593
Lake County Ross L. Kauper (707) 263-7000
AQMD (707) 263-3225
Lassen County Kenneth R. (916) 257-8311
APCD Smith extension 110
Mariposa Dr. Charles (209) 966-0200
County APCD Mosher
Mendocino David Faulkner (707) 463-4354
County APCD
Modoc County Leslie Wright (916) 233-6419

APCD
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Address

208 Court Street Jackson,
CA 95642

939 Ellis Street San
Francisco, CA 94109

9287 Midway, Suite 1A
Durham, CA 95938

Government Center,
891 Mountain Ranch Rd.
San Andrews, CA 95249

100 Sunrise Bivd., Suite F
Colusa, CA 95932

2850 Fair Lane Court,
Bidg. C Placerville, CA
95667

463 Paiora Avenue
Yuba City, CA 95891

P. O. Box 351,
720 North Colusa Street
Willows, CA 095988

157 Short Street, Suite 6
Bishop, CA 93514

150 S. 8th Street

El Centro, CA 92243

2700 M Street Suite 290
Bakersfield, CA 93301

883 Lakeport Bivd.
Lakeport, CA 95453

175 Russel Avenue
Susanville, CA 96130

P.O. Box 5, 4988 11™ St.
Mariposa, CA 95338

Courthouse, 306 E. Gobbi
Ukiah, CA 95482

202 West 4th Street
Alturas, CA 96101

Survey Response

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Table A1 Continued: SURVEYRESPONSEOFDISTRICTCONTACTS

District Contacts Phone No. Address
Mojave Desert Charles L. (619) 245-1661 15428 Civic Drive, Suite
AQMD Fryxell 200

Victorville, CA 92392

Monterey Bay Fred Thoits (408) 647-9411 24580 Silver Cloud Court
AQMD Monterey, CA 93940

North Coast Wayne Morgan (707) 443-3093 2389 Myrtle Avenue
Unified AQMD Bob Clark (707) 443-3093 Eureka, CA 95501

Northemn Michael W. (707) 433-5911 109 North Street
Sonoma Tolmasoff Healdsburg, CA 95448
County APCD

Northemn Sierra Noel A, (916) 274-9360 P. O. Box 2509 Grass
AQMD Bonderson Valley, CA 95945
Placer County Walter (916) 889-7130 DeWitt Center, 11464 B
APCD Arenstein Ave.

Auburn, CA 95603

Sacramento Kerin Leonard (916) 386-6182 8411 Jackson Road
Metropolitan Pat Tedeschi (916) 386-6644 Sacramento, CA 95826
AQMD

San Diego Clint Cooney (619) 694-3301 9150 Chesapeake Drive
APCD Natalie Zlotin (619) 694-3307 San Diego, CA 92123

San Joaquin  Joe Nazareno (209) 497-1000 199¢ Tuolumne Street,
Valiey Unified Rajinder Atwal (209) 497-1075 Suite 200 Fresno, CA

APCD 93721
San Luis Robert W. Carr {(805) 781-5912 2156 Sierra Way, Suite B
Obispo County San Luis Obispo, CA
APCD 93401
Santa Barbara Doug Allard (805) 961-8800 26 Castilian Drive, B-23
County APCD Goleta, CA 93117
Shasta County R. Michae! (916) 225-5674 1826 Butte Street
AQMD Kussow, P. Redding, CA 96001
Siskiyou County James R. {916) 842-8029 525 South Foothill Drive
APCD Massey, Jr. "Yreka, CA 86097
South Coast Corie Choa (809) 396-2172 21865 E. Copley Drive
AQMD Glenn Kasai Diamond Bar, CA 91765
Tehama Heidi W. Hill (916) 527-3717 P.O. Box 38, 1750 Walnut
County APCD Gray Bovee (8916) 527-3717 Street Red Bluff, CA
96080
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Survey Response

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Table A1 Continued SURVEYRESPONSEOFDISTRICTCONTACTS

Phone No.

District Contacts
Tuolumne Gerald A.
County APCD Benincasa,

Mike Waugh

Ventura County Keith Duvai
APCD

| Yolo-Solano Ken Selover
County AQMD

(209) 533-5693
(208) 533-5693

(805) 645-1410

(916) 757-3650
(800) 287-3650

Page 96

Address
2 South Green Street
Sonora, CA 95370
669 County Square Drive
Ventura,Ca 93003

1947 Galileo Court, Suite
103 Davis, CA 95616

Survey Response

Yes

Yes

Yes



Table A2: BASIC DATABASE LAYOUT (SAMPLE)

District Bay Area Air Quality Management
District

Address 939 Ellis Street
San Francisco, CA 94109

Contact 1 Gary Fend

Phone # (415) 749-4604

Contact 2 Rudy Zerrudo

Phone # (415) 772-6000

Fax # (415) 928-8560

Category Number 6

Abbr.Coating Type Aerospace

Exact Rule Title Aerospace assembly and component
coating operations

Rule Number 29

Test Method 1 BAAQMD il 21, 22

Test Method 2 BAAQMDIVST-7

Test Method 3

Test Method 4

Test Method 5

Test Method 6

Status existing

Last Amended Date 6/1/94

Survey Sending Date 11/18/94

Responded Date

Page 97
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TableA4:DATABASELISTING

Database | FullDatabaseListing | Description of Database Holdings
CARL Colorado Alliance of Magazines and joumnals
Research Libraries
CAS Chemical Abstract Chemical abstract database
Service
CAT Full MELVYL Catalog UC libraries and Califomia State
Library
cC Current Contents 6500 scholarly journals
CD-ROM CD-ROM Network at Files on CD-ROM made available
UC Davis through NTIS
cQ Congressional Legislation/regulations
Quarterly
EUREKA Research Libraries Group databases
and catalog
JRNL OCLC ArticleFirst 11000 magazines and journals
MAGS Magazine and Journal | 1500 magazines and journals
NASA Space and Earth NASA On-line Data & Information
Science Service
PE Periodical Titles California Academic Libraries List of
Serials
TEN TenYearMELVYL Materials published from 1985-1995
Catalog
UNCOVER [ UnCover 13000 _magazines and journals
WCAT OCLC WorldCat 17000 public academic and other

libraries

TableA5:SEARCHTERMSINCORPORATEDINTOSEARCHSTRATEGY

Search Terms

VOC Coatings

...and coatings

Development of Testing Methods
Volatile Organic Compounds/Materials

...and testing methods
Volatile Organic Coatings
Analysis of Organic Coatings
EPA Regulations
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TableA6:INTERNETADDRESSES

Technology Transfer Network:
URL: /tnbbs.rtpnc.epa.gov

Access to the Technology Transfer Network (an EPA bulletin board) can be
achieved by:

1. using the telnet address: teinet: ttnbbs.rtpnc.epa.gov

2. using the Internet (via Netscape or Mosaic)

To access TTN via the Internet, we have found that accessing the
Envirosense Home Page with the following URL address will bring you to
the page that will provide the appropriate links.

Once at the Envirosense Home Page, continue by clicking on "links to other
Systems," followed by "Environmental Protection Agency.” You can then
access the EPA Bulletin Board by clicking on EPA TTN Bulletin Board
System.

Enviro$en$e
URL: http://wastenot.inel.gov/envirosense

Note: When you arrive at the first screen, press "Return” a few times, then
just follow directions. Also, for first time users, when it asks for a password,
make one up and "remember it." This password will grant you access in
the future.

EPABulletinBoards

CAAA - Clean Air Act Amendments

EMTIC - Emission Measurement Technical Information Center (emission
test methods and testing methods)

AIRS - Air quality and emissions
BLIS - Compilation of air permits from air pollution control agencies

NATICH - Information submitted by EPA, state and local agencies about air
toxics programs -

COMPLI - Stationary source and asbestos compliance policy
CHIEF - Latest information on air emission inventories and emission factors

ATPI - Current course offering on air pollution
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Environmental BBS(Bulletin Board Systems)
URL: http://www.tribnet.com/environ/env_bbs.htm

Solvent Alternatives Guide (Sage)
URL: http://clear.rti.org/husage.htm

CD Roms from NIST {National Institute of Standards and Technoogy)
telnet. ricmenu.nist.gov

VTTChemical Technology(Finland)
URL: http:/iwww.vtt.filket/kethome html

IPPS: The Industrial Pollution Projection System
URL: http:/www.worldbank.org/htmi/research/ippsihome.htmb#toc

Airand Energy Engineering Research Laboratory(AEERL)
URL: http:l/wastenot.inel.gov/envirosenselprogramlepaorgslordlaeerl.html

Cal/EPA
URL: http://www.cahwnet.gov

CAECIleanAirEngineering
URL: http://www.cleanair.com/users/cae/

Environmental Engineering Informations Sources
URL:  http://iwww.enveng.ufl.edu/process/megacrse/ehs/envlinks.htm

IndustryNet On-line Marketplace
telnet: industry.net
URL: http:/iwww.industry.net/

ATSDR’s Hazardous Substance Release/Health Effects Database
URL: http://atsdr1.atsdr.cdc.gov

EnvirolinkNetwork
URL: gopher://fenvirolink.org

Environmental Guidance Memos
URL: http://venus.hyperk.com

Environmental Law
URL: http://iwww.law.indiana.eduflaw/intenviaw.html

EPA
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URL: hitp://www.epa.gov

EPA Online Library System

telnet: epaibm.rtpnc.epa.gov

EICBBS(EnergyldeasClearinghouse[

teinet: /leicbbs.wseowa.gov

TheFinishingTechnologyHotline
modem: 201/838-0113

STN (patents)

telnet: stn.cas.org (Columbus)

ASTM
URL: http://iwww.astm.orgfindex.htmh#

ARB
URL: http/iwww.arb.ca.gov

SCAQMD
URL: http://www.agmd.gov
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Figure Al: Map of Air Pollution Control and Air Quality
Management Districts Within the State of California
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Figure A2: Identification of Coating Categories (1-5) Regulated in
Each Air Pollution Control and Air Quality Management District
Within the State of California
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Figure A3: Identification of Coating Categories (6-14) Regulated in
Each Air Pollution Control and Air Quality Management District
Within the State of California
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Figure A4: Identification of Coating Categories (15-23) Regulated
in Each Air Pollution Control and Air Quality Management District
Within the State of California
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